Adjuvant endocrine hormonal therapy (EHT) is highly effective and appropriate for nearly all breast cancer patients with hormone receptor-positive tumors, which represent 75% of all breast cancer diagnoses. Long-term use of EHT reduces recurrence rates and nearly halves the risk of death during the second decade after diagnosis. Despite the proven benefits, about 33% of women receiving EHT do not take their medication as prescribed. This causes an increase in the risk for recurrence and death.
Introduction
Breast cancer is the most common cancer diagnosis among U.S. women, comprising nearly one-third of new female cancer diagnoses [1, 2] . Of the 330,080 women diagnosed with breast cancer each year, approximately 75% will have hormone receptor-positive breast cancers (ER+ and/or PgR+) [1, 3, 4] . Shifts in oncological practice have seen a rise in self-administered adjuvant hormone therapy pills after primary treatment (i.e., surgery, chemotherapy, radiation) [5, 6] . Although considered a prolonged self-management strategy, adjuvant hormone therapy with Tamoxifen and aromatase inhibitors (AIs) is highly effective and appropriate for nearly all women with ER+ and PgR + tumors [3, 4] . In this context medication adherence has become increasingly important, given the association between sustained daily adherence and improved recurrence-free survival outcomes [5, [7] [8] [9] . Nevertheless, adherence is suboptimal and many women discontinue hormone therapy prematurely [3, 4, 7, 9] .
Women with optimal adherence to Tamoxifen and AIs (more than 80% of doses taken) and more cumulative years of adherence experience the greatest reductions in recurrent risk [3, 7, [9] [10] [11] . However, adherence to adjuvant therapy in post-menopausal breast cancer patients ranges from 15% to 55% for Tamoxifen and 31%-73% for AIs [12] . Moreover, an estimated one-third of women who initiate endocrine hormone therapy (EHT) discontinue the drug before five years, which is the recommended duration of EHT [3, 4, 13, 14] . One of the main reasons reported by patients for their non-adherence is the adverse side effects of EHT. Even though common side effects, such as nausea, hot flashes, sleep problems and sexual dysfunction are not life threatening, they can be very distressing for some patients, negatively affecting their quality of life [5, 16] . Therefore, prevention and management of side effects is considered a priority to promote treatment adherence [16] .
https://doi.org/10.1016/j.conctc.2018. 10.001 Both suboptimal adherence (not taken as prescribed) and discontinuation of EHT before completion of the fifth year are associated with a decline in survival as well as shorter time to recurrence, increased medical costs and low quality of life due to disease progression and treatment [3, 4, 13] .
Minority and low-income breast cancer patients are disproportionally affected by EHT non-initiation, discontinuation, and nonadherence [4] . Research suggests that anxiety and patient beliefs about EHT, including perceived risks, benefits, and necessity, are tied to adherence and persistence with therapy [3] [4] [5] 7, 15] . Poor patient provider interactions at time of diagnosis and/or treatment decision-making-including not assessing the patient's understanding of the need for the prescribed treatment, its purpose and the importance of adherence, failure to discuss potential treatment side effects and how to manage them, low degree of provider support, inadequate patient opportunity to ask questions and make decisions, and low patient selfefficacy in interactions-have been shown to impact persistence with hormone therapy [3, 5, 16] .
Given that minority patients are less likely to adhere to medication regimens than white patients [4, 17, 18] , improving medication adherence may be a means to address healthcare outcome disparities [4] .
Patient navigation, a recognized care coordination strategy, has proven effective in supporting timely access to cancer care for minority patients including Latinas, addressing specific barriers, improving adherence to treatment across the care continuum and facilitating quality of care [19, 20] . A recent study showed strong evidence that patient navigation reduced not only time to treatment but improved compliance with adjuvant therapy, including EHT, among breast cancer patients in a public hospital serving underserved minority women [21] . In addition, a systematic review of health information technology selfmanagement interventions among diabetic patients found that incorporating the human interaction factor (i.e., patient navigator, personal educational videos, motivational text messages) was the common feature among the most successful interventions, providing evidence that combining new technology with the human interaction component can improve health outcomes among vulnerable population groups [22] .
Studies have shown that self-efficacy and social support have a positive effect on drug adherence [23] [24] [25] [26] [27] [28] [29] [30] [31] . Self-efficacy, the belief in one's ability or confidence to successfully perform a task or behavior (i.e., taking their medication as prescribed, when traveling, not feeling well or experiencing side effects) [32] , has been shown to influence adherence to EHT, with lower levels of perceived self-efficacy associated with decreased rates of adherence, while higher levels of perceived self-efficacy are associated with higher adherence rates [23] [24] [25] [26] . Social support from friends and family is also an important determinant of ongoing EHT adherence. Women who have higher levels of social support had greater adherence compared with women with lower levels of social support from family and friends [24, [27] [28] [29] [30] [31] .
The rapid proliferation of mobile smartphones offers unprecedented opportunities to improve U.S. health outcomes and reach special groups such as breast cancer patients by delivering tailored interventions to improve patients' adherence to EHT and empower them to take an active role in their healthcare.
We describe the protocol of a randomized controlled study aiming at developing and pilot testing a bilingual, culturally tailored, personalized, interactive smartphone application (app) in combination with patient navigation to improve adherence to EHT among breast cancer patients in a patient population with a large minority component.
Methods

Study design
This two-year study will use a 2-group parallel, randomized, control trial to enroll 120 breast cancer patients who are prescribed EHT and are attending the breast clinic at the Mays Cancer Center (MCC), a National Cancer Institute-designated cancer center at UT Health San Antonio to test the feasibility and effectiveness of a bilingual, culturally tailored, personalized, interactive mobile smartphone app in combination with patient navigation to improve adherence to EHT. The intervention group will receive two components: 1) a culturally sensitive, personalized and easy to use smartphone app; and 2) a patient navigator who will provide educational, psychosocial support and reinforcement, address common barriers, and facilitate the interaction with the medical team as needed. The control group will receive the usual care and information provided by the MCC's breast clinic and pharmacy to patients undergoing EHT (which does not include support from a patient navigator). The app and navigation support will be based in Social Cognitive Theory [32] and principles of motivational interviewing [33] and feature basic components of individual empowerment, motivation and engagement, including knowledge, attitudes, skills, peer modeling, social support/reinforcement and self-efficacy beliefs and expectations [32] [33] [34] .
Phase 1 -formative research
Formative research will be conducted during the first six months of the study and will include focus groups and in-depth interviews with breast cancer patients, oncologists, nurses and key stakeholders (family members, Susan G. Komen local affiliate members, and community breast cancer advocates) to assess common barriers and motivators to EHT adherence, and identify intervention content and key features. This phase will guide the development and initial designs of the phone app. Additional focus groups will be conducted to review app mockups and to conduct a beta test of the phone application, before the start of the intervention, to ensure all features are working properly and solve any technical issues.
Focus groups
Four focus groups with a total of 16-24 breast cancer patients will be conducted (two in English and two Spanish) to assess the most common barriers and facilitators to treatment adherence that will be overcome through the intervention. Focus groups will assess: 1) patients' psychosocial factors (such as information preferences, language, social support, anxiety, attitudes and beliefs toward treatment), understanding of the importance of treatment adherence (risks/benefits), outcome expectations and perceived self-efficacy to adhere to oral hormone therapy, and potential motivators to follow treatment as prescribed; 2) patients' healthcare provider interactions and communication; 3) issues with treatment-related cost, complexity, side effects and delay in treatment benefits; and 4) reaction to key features and content of a mobile smartphone app and navigation intervention to promote adherence to treatment. Patients will receive a $25 gift-card as a compensation for their time and participation. Focus groups will be recorded and transcribed verbatim.
In-depth interviews
In-depth interviews will be conducted in person with 5-8 oncology physicians and nurses who will advise on content for key app components: education, symptoms monitoring and reporting, cues/reminders, communication with the oncology team, common questions and answers, etc. We will use a semi-structured interview guide that will include topics related to breast cancer concerns by patients, EHT information, importance of adherence, side effects, managing side effects, adherence barriers and facilitators, and general mobile phone app features. Interviews will last between 30 and 45 min and will be recorded and transcribed verbatim. No compensation will be provided to this group.
Mobile app design/mockups
Based on the qualitative information collected, the research team will work with oncologists, nurses, breast cancer patients and stakeholders to design and adjust the mobile smartphone app. Intervention mockups will be developed with support from our research team of iPhone and Android app developers at UT San Antonio (UTSA). In addition, an app companion brochure will be developed with graphic and text step-by-step information on how to download the app, description of key features, trouble shooting and contact information for assistance and technical support. To assess app mockups, interactive features, content, usability, clarity, etc., we will conduct three additional focus groups: two focus groups with 10-16 breast cancer patients and one focus group with 8 key stakeholders (family members, oncology nurses, Susan G. Komen local affiliate members, community breast cancer advocates). Based on their feedback, modifications will be made as needed to develop a functional phone app for beta testing.
Beta testing
Once fully developed based on focus group feedback and in-depth interviews, the mobile smartphone app will be tested in real time with 5 breast cancer patients to identify any potential issues prior to the start of the intervention. This will include a period of one week to use and test all the app components. The patient navigator will be trained to provide education on the importance of medication adherence, risks and benefits, identification of side effects, and management of symptoms. The patient navigator will also be trained to give hands-on information on how to use the app and general support and technical assistance as needed.
Medical record review
As part of the formative research, we will also conduct a retrospective medical record review to serve as baseline data to assess breast cancer patients' adherence rates prior to the beginning of the study. This retrospective review will cover 120 medical records from patients diagnosed with breast cancer within a year before the beginning of the intervention, following the same eligibility criteria as those for the patients randomized into this study.
The following variables will be collected during the medical record review: Age, education, marital status, number of children, health insurance, income, zip code of residence, country of birth, race/ethnicity, language preference, hormone receptor-positive breast cancer diagnosis, stage at diagnosis, and comorbidities. In addition, information on prescription of EHT, adherence to EHT and reasons for non-adherence, will be extracted from physician notes included in the electronic medical records.
Phase 2 -intervention
The study will enroll 120 breast cancer patients who are prescribed EHT at the breast clinic at the Mays Cancer Center (MCC) at UT Health San Antonio. Patients assigned to the intervention group (60) will: 1) use the personalized mobile phone app in their preferred language for a duration of 6 months; and 2) receive assistance from a patient navigator. They will also continue to receive the usual EHT care provided at MCC's breast clinic. Patients assigned to the control group (60) will receive the usual EHT care and materials offered at MCC's breast clinic (see Fig. 1 ).
Patient inclusion criteria
This will include: diagnosis with endocrine hormone receptor positive breast cancer, treatment with oral EHT, patient access to a smartphone that meets the app requirements, and access to Internet data connection.
Patient exclusion criteria
This will include: diagnosis with an endocrine hormone receptor negative breast cancer, use of a mobile phone that cannot support the app, or cannot access internet data connection.
Recruitment process
Participants will be drawn from breast cancer patients attending the MCC breast clinic and who have been prescribed EHT. On a weekly basis, the patient navigator (PN) will identify patients who have been prescribed EHT by reviewing new patients' medical records or by direct referral from the oncology team. The PN will approach eligible patients either by phone or in person and invite them to participate in the study. If the patients are interested, the PN will schedule an enrollment visit or will enroll them at the breast clinic after their doctor's appointment. Patients who agree will be consented and asked to respond to the baseline survey (using an iPad in their preferred language), then immediately randomized to the intervention or usual care control group. The iPad will be encrypted following UT Health San Antonio's strict data safety procedures to ensure protection of data and confidentiality. Patients randomized to the intervention group will receive support from the PN who will provide general information about EHT, hands-on instructions on how to download and use the mobile smartphone app, and the app user guide brochure.
Patients who refuse to participate in the study will be asked to complete a short refusal survey regarding main reason for not participating and basic attitudes and demographic information to assess potential differences with participants.
Bilingual mobile smartphone app
To improve EHT adherence, we will design a bilingual mobile smartphone app with tabs to provide educational content covering issues like hormone receptor positive breast cancer, importance of EHT adherence and potential side-effects, information on how to prevent or treat common side effects, self-monitoring/management of symptoms (self-efficacy), copying and self-care skills, etc. (see Fig. 2 ). The acquisition of skills and performance of new actions can be facilitated by peer modeling, in which participants are able to observe other breast cancer patients like themselves modeling those skills and performing the promoted behavior. Peer modeling serves two functions: 1) it shows the learner exactly how a behavior can be performed; and 2) it increases the peer modeling observer's self-efficacy for performing the behavior. The study app will include embedded links to role model videos (i.e., YouTube) to provide peer modeling of key skills for self-management. YouTube is already a widely used channel for peer modeling in instructional videos of all kinds, and offers a simple and easy way to create and upload new role model videos from study participants once the intervention has started. Bilingual YouTube videos will be produced in-house by the research team. They will feature doctors and breast cancer patients matching socio-cultural characteristics of Latina and non-Hispanic White patients. Video content will include doctors talking about the importance of adherence and reporting bothersome side effects to the medical team for timely management/control, as well as tips to manage common symptoms. Patients will provide testimonials of how they manage common symptoms, by communicating with the medical team, using natural approaches, and how they have been able to remain adherent. A role model who resembles the audience is more likely to empower them to imitate the behavior by conveying the idea that they are just as capable as the model is. Enhancing performance expectations through role modeling is a key element of Albert Bandura's self-efficacy theory [32] . People are more likely to imitate others who they feel are doing a little better than them. In this regard, a role model should be similar to the audience and appealing enough to match some of their aspirations [34] .
In addition, social support, praise and encouragement-considered the most important forms of social reinforcement-will be provided by the study PN and by intermittent text push notifications to enhance self-efficacy and improve patients' adherence to EHT.
The app will be tailored to the language and socio-cultural characteristics of Latina and non-Hispanic white patients, these two groups comprise 85% of the patients attending the breast clinic at MCC (49% and 36% respectively). Cultural values, beliefs and behaviors will guide the content, motivational messages and educational videos, i.e., culture-specific role model and educational videos, motivational messages, emoticons, and images.
Patients will have the option to personalize the app settings and receive push notifications or text messages with tips and motivational content at their desired frequency. They will be able also to personalize cue/reminders to take the medication, attend doctor's appointments and respond to monthly adherence questions. Reporting of side effects will include a flag system to alert patients to contact their physician based on symptom severity. The app also will send notifications to the MCC team alerting them when severe side effects occur, and prompting them to call patients to determine if a follow-up visit is required and/or provide advice.
We will provide a simple app user guide brochure that will include clear text and graphic step-by-step information on how to download the app, description of key features, trouble shooting and contact information for assistance and technical support. The app will have embedded a brief questionnaire for patients' self-report of EHT adherence, reasons for not taking the medication and a section for additional comments. Both intervention and control groups will receive a notification with links to the REDCap follow-up surveys at three and six months. Additional features may be included based on formative research results to ensure the app is clinically sound and optimally useful for breast cancer patients. All intervention components will be in English and Spanish and designed with direct input from breast cancer patients, the oncology care team and key stakeholders.
Patient navigator
A bilingual patient navigator (PN) with good electronic and communication skills, who shares relevant age, socioeconomic status and cultural characteristics with the targeted patient population, will be hired as the study PN.
The MCC's breast clinic serves a large number of Latina breast cancer patients, so the PN will be a bilingual Latina within the mean age range of study participants. The PN will receive training in: motivational interviewing to facilitate and engage intrinsic motivation within patients to promote EHT adherence; answering patients' questions regarding their treatment; educating patients on the importance of EHT adherence, risks and benefits, adverse effects identification and management, self-care skills, social support; and app functionality. PN training also will include use and management of the mobile phone app, survey administration, barriers faced by patients regarding adherence to EHT, and will consist of a one-day course of instruction and role-playing recruitment of participants. The PN will be required to obtain HIPAA and Human Subjects certifications issued by UT Health San Antonio and an additional certification by the University Health System to access electronic medical records. 
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Potential study participants will be identified via weekly review of medical records or by direct referral from the oncology care team. The PN will approach eligible patients either by phone or in person and invite them to participate in the study. If the patients are interested, the PN will schedule an enrollment visit or will enroll them at the breast clinic after their doctor's appointment. Patients who agree will be consented, asked to respond to the baseline survey, and immediately randomized to the intervention or usual care comparison group. The PN will conduct monthly follow-ups with patients via phone, text or email to encourage use of the app, provide motivation, social support/reinforcement and respond to any questions patients may have. In addition, she will address patients' common barriers and facilitate their interaction with the medical team.
The PN will review the study participants' medical records to extract data needed to assess the effectiveness of the intervention on improving adherence to EHT.
Usual care control group
The usual care control group will be provided with the usual EHT care and information materials offered by the MCC to patients undergoing EHT, including information by the physician about the EHT treatment, importance of adherence and reporting of side-effects, and specific materials related to the medication prescribed.
Phase 3. evaluation, sample size, data analysis and reporting
This study's third phase will include evaluation, data analysis and results reporting.
Formative Evaluation will include focus groups and in-depth interviews with breast cancer patients, oncologists, nurses and key stakeholders and will be audio recorded with prior consent of participants. All audio recordings will be transcribed verbatim and analyzed using qualitative content analysis [35] . Anonymized transcripts will be reviewed by two bilingual team members line by line and paragraph by paragraph, looking for significant statements and codes. Researchers will meet in person to compare the various codes based on differences and similarities and sort them into categories and finally the categories will be formulated into themes.
Outcome Evaluation will include data derived from prescription refills, self-report surveys, and medical records reviews. Validated and study specific questionnaires will be used to assess the study primary and secondary outcomes at three time points over the 6-month intervention (baseline, three and six months). Patients will receive $25 giftcertificate per survey as an incentive for their participation. Adherence rates one year prior to the intervention will be derived by retrospective medical record review. Data provided at baseline and follow-up surveys will be collected via REDCap, a secure web application with de-identified data export mechanisms to common statistical packages, and hosted on an encrypted, high-security server at UT Health San Antonio. Network transmissions (data entry, survey submission) in REDCap are protected via Secure Sockets Layer (SSL) encryption. In the same way, data extracted from medical records will be collected via REDCap and de-identified before exported for analysis.
Randomization. A randomization schedule prepared using SAS © PROC PLAN will be uploaded into the REDCap randomization module. Once patients respond to the baseline pre-intervention survey, they will be automatically assigned into the intervention or control group. An allocation ratio of 1:1 with random permuted blocks will be used to ensure close balance between groups and to reduce potential bias by inadvertently predicting the upcoming assignment on the part of staff conducting enrollment [36] .
Outcome measures and data collection
Basic demographic information, disease and treatment related variables included in the medical record review will be also collected directly from the patients or via their medical records. The primary outcome is adherence to EHT, defined as the percentage of prescribed doses taken as prescribed, with optimal adherence considered at ≥80%. Currently there is no gold standard to measure adherence. However, refill history by pharmacy records is considered an accurate and inexpensive measure of overall adherence. We will review prescribing and refill records for EHT (tamoxifen or AIs) and the number of days covered by each prescription, the number of dispensed tablets and the daily dose, to calculate an adherence index across the 6-month intervention [13] . In addition, we will use monthly self-reporting data collected via the mobile app and a short patient self-report questionnaire (MMAS-4). This scale has shown to have concurrent and predictive validity of medication adherence [37] .
Given that depression is a potential confounder in this study, we will assess depression with the Patient Health Questionnaire (PHQ-8), an 8-item self-administered screening tool that has been validated in large clinical and population studies [38] . If patients are identified with severe depression, based on this screener, they will be encouraged to talk with their doctors, and the PN will immediately notify the principal investigator and the participant's oncologist.
Self-efficacy will be measured by single items in which patients rate their confidence in identify and self-manage side effects, communicate with the medical team and adhere to the recommended EHT, on scales ranging from 1 to 10, making self-efficacy easily measureable in mobile-based research [39] .
Social support will be measured by two questions about praise and encouragement with response options ranging from very rarely to very often. Given the centrality of social support and self-efficacy, we anticipate they will mediate intervention outcomes based on social cognitive theory.
Secondary outcomes include patient's quality of life, anxiety and usability and satisfaction with the personalized bilingual mobile smartphone app. Quality of life will be measured by the Functional Assessment of Cancer Therapy-General (FACT-G) questionnaire [40] . This well-validated questionnaire has been used in multiple studies around the world. To assess anxiety, we will use the Generalized Anxiety Disorder 7-item scale (GAD-7), a validated tool used in clinical practice and research studies to assess the severity of anxiety [41] . Lastly, we will assess usability and satisfaction of the app by including a small set of questions developed by the research team with response options ranging from completely agree to completely disagree.
Sample size
A sample size of 96 subjects, 48 in each group, is needed to detect a 6-point difference in medication adherence rates (measured by prescription refill records and self-report) between the two groups using a two-sided Mann-Whitney test with 80% power and Type I error rate of 5%. Considering a dropout rate of 20%, the sample size required is 120 (60 subjects per group). The assumptions used in our sample size calculations are based on similar studies, especially those that used the prescription refills and self-report data as the primary measures of medication adherence [42] [43] [44] [45] .
Data analysis
The intention-to-treat approach will be used for all analysis. Descriptive statistics with means and percentages for continuous and categorical variables, respectively, will be used to summarize baseline demographics on the overall sample and by study group.
Between-group differences in the primary outcome, percentage of prescribed doses taken as prescribed, will be assessed by t-test or by the non-parametric Mann-Whitney U test if the data are not normally distributed.
For secondary outcomes, follow-up scores will be compared between groups using repeated measures analysis of covariance (ANCOVA) models adjusting by baseline scores.
Generalized mixed effects models with logit link for proportions and identity link for means will be used to model the study outcomes over time with fixed effects for baseline measurement, group, and time and random effects for participant. We will conduct a mediation analysis following the causal inference framework approach [46] to investigate the indirect (mediating) effects of self-efficacy and social support on the effect of the intervention on the adherence to EHT. Disease-and treatment-related variables and demographics will be evaluated as potential confounders in the modeling process. The alpha level for significance will be set at 0.05, and pvalues will be based on 2-sided tests.
Discussion
Our randomized controlled trial will assess the effectiveness of a smartphone application in combination with patient navigation to improve adherence to EHT among breast cancer patients, while enhancing self-efficacy, and skill development for self-monitoring and management of symptoms. The potential physical and psychosocial symptoms associated with endocrine hormone therapy (EHT), including musculoskeletal symptoms, sexual dysfunction, vasomotor symptoms, urinary symptoms, cognitive dysfunction and other psychosocial distress, insomnia and fatigue, can become persistent and bothersome for some patients, affecting their quality of life, ability to function and compromising their adherence to treatment [3, [47] [48] [49] [50] . Not adhering to prescribed EHT treatment may reduce the chances of receiving the benefits of EHT, including increased overall survival, distant disease-free survival, reduced breast cancer specific mortality, decreased risk of recurrence and contralateral breast cancer [3, 11] .
The mobile smartphone app + PN intervention proposed here addresses a very important need to improve the reported suboptimal adherence to EHT among breast cancer patients, and empower them to play an active role in their healthcare. If proven effective, this study will advance our knowledge about the use of mobile technology as an evidence-based strategy to promote medication adherence among breast cancer patients and improve health outcomes. The rapid proliferation of smartphones to access mobile apps and the Internet among all age groups (and especially among Latinos), offers unprecedented opportunities to improve population health and deliver interventions that can be tailored to the age, gender and ethnicity of patients, with special features to support medication adherence and promote communication with the medical team. Information, reminders, educational content and support can be provided wherever the person is located. Mobile technology also provides the anonymity and convenience people like, can be interactive, and can include links to short videos and other content to provide modeling of adherence behaviors while addressing common barriers.
In addition to the phone app specific features, the study's bicultural and bilingual patient navigator will offer instrumental and psychosocial support, including scheduling appointments, transportation, offering educational, psychosocial support and reinforcement, facilitating interactions with the medical team, managing cancer-related distress, translating and addressing common barriers to care and treatment adherence. Patient navigation have been proven effective in increasing participation in cancer screening, supporting timely access to cancer care, and improving cancer outcomes and patient satisfaction with the care received [19, 20, [51] [52] [53] .
The proposed phone app and patient navigation intervention will empower self-monitoring and management by facilitating patient education, self-efficacy, early identification and reporting of side effects, delivery of self-care advice, and timely feedback through direct communication between the patient and the oncology team. The ultimate goal of this innovative multi-communication intervention is to improve overall survival and life expectancy, enhance quality of life, reduce recurrence, and decrease healthcare cost. The anticipated outcome is a scalable, evidence-based, and easily disseminated intervention with potentially broad use to patients using EHT and other oral anticancer agents.
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